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Abstract

Objective: The understanding of systemic lupus erythematosus (SLE) and lupus nephritis (LN) pathogenesis remains
incomplete. This review assessed LN development in SLE, within-LN progression and progression to end-stage renal
disease (ESRD).

Methods: A keyword-based literature search was conducted, and 26 publications were included.

Results: Overall, 7-31% of patients had LN at SLE diagnosis; 31-48% developed LN after SLE diagnosis, most within
5 years. Class IV was the most commonly found LN class and had the worst prognosis. Histological transformation
occurred in 40-76% of patients, more frequently from non-proliferative rather than proliferative lesions. Cumulative 5-
and |0-year ESRD incidences in patients with SLE were 3% and 4%, respectively, and 3—11% and 6—19%, respectively, in
patients with SLE and LN.

Conclusions: Elevated serum creatinine was identified as a predictor of worsening disease state, and progression within
LN classes and from SLE/LN to ESRD. This review highlights the substantial risk for developing LN and progressing to
ESRD amongst patients with SLE.
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Systemic lupus erythematosus (SLE) is an autoimmune
disease characterized by autoantibody production and
deposition of immune complexes with complement
activation, resulting in inflammation and damage
within the affected tissue.! SLE can be diagnosed
based on a multitude of clinical characteristics, includ-
ing disease manifestations in the skin, joints, kidneys
and central nervous system, as well as serological find-
ings, such as ANA.? Organ system involvement and
clinical and serological presentations are highly vari-
able, both between patients and within the same patient
over time, making SLE an unpredictable and complex
disease to manage.’

Patients with SLE are classified using the American
College of Rheumatology (ACR) criteria where >4 out
of 11 clinical and/or serological criteria need to be met.
Given the limited sensitivity and specificity of these

Collaborating Clinics (SLICC) research group intro-
duced a new set of classification criteria where >4 of
17 criteria need to be met.” An observational study
demonstrated superiority of the SLICC criteria over
ACR criteria in terms of criteria sensitivity.
Furthermore, the SLICC criteria allow patients to be
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categorized as having SLE earlier in the disease course
which may offer better management of the disease.’

Mucocutaneous involvement, musculoskeletal
involvement and renal organ involvement are common
in SLE.* Almost all patients have some degree of renal
involvement during the disease course, and between
40% and 70% of patients develop clinically diagnosed
renal involvement, termed lupus nephritis (LN).*> LN is
characterized by glomerular deposition of immune com-
plexes and subsequent renal inflammation,® and is clas-
sified by renal biopsy, the gold standard for diagnosis.’
Patients with LN present with autoantibodies to com-
plement Clq (anti-C1q) and C3b (anti-C3b 1gG); levels
increase over time resulting in renal flares.® A patient
can be classified into any of six histological categories
established by the World Health Organization (WHO)
and later updated by the International Society
of Nephrology/Renal Pathology Society (ISN/RPS), of
which classes I1I-VI are associated with the greatest risk
of long-term damage.®”'" Class VI is the most
advanced LN stage, where patients often require
kidney dialysis or transplantation.'*'

Using biomarkers to identify patient subsets allows
monitoring of treatment response and detection of dis-
ease activity. Proteinuria, urine protein-to-creatinine
ratio, creatinine clearance, anti-dsDNA and comple-
ment levels are current LN laboratory markers.
However, they lack specificity and sensitivity for iden-
tifying renal activity and damage.'> Many novel bio-
markers are under investigation, including additional
autoantibodies and urinary proteomics, which might
help detect renal flares earlier and assess disease pro-
gression.'” A 46-year follow-up cohort study showed a
reduction in the severity of LN clinical presentation
LN over time and improved long-term renal
survival, potentially due to prompt diagnosis of renal
involvement and treatment decisions based on renal
biopsy. "

Treatment for SLE involves non-steroidal anti-inflam-
matory drugs (NSAIDs), antimalarials, corticosteroids,
immunosuppressive agents and biological agents.'®!
However, NSAIDs are not recommended for patients
with LN, and higher doses of corticosteroids are gen-
erally used in combination with more aggressive immu-
nosuppression with cyclophosphamide or mycophenolate
mofetil (MMF) during the induction phase, followed by
maintenance treatment with MMF or azathioprine.'>'®

B-cell-targeted biological therapies can control the
autoimmune response associated with SLE and LN
while avoiding corticosteroid use. Such therapies
include belimumab, the human immunoglobulin 14
monoclonal antibody that targets the soluble form of
B lymphocyte stimulator, also known as B-cell-activating
factor, and anti-CD20 monoclonal antibody rituximab,
the latter of which is prescribed off-label by some

physicians.!” Belimumab has been shown to improve
the SLE Responder Index, compared with placebo,
after 52 weeks of treatment in patients with SLE.'
Notably, despite patients with severe active LN (>6g/
24 hours of proteinuria or serum creatinine >2.5mg/dL)
being excluded from Phase III trials of belimumab, as
were those with other indications for intravenous cyclo-
phosphamide treatment within six months of enrolment,
improvements in renal function were seen. A systematic
review of patients with SLE who had already developed
LN found that 55.1% (129/234) of patients receiving
belimumab exhibited renal improvement following treat-
ment.'” Despite these therapeutic options, treatment of
SLE and LN remains challenging, and without effective
control of renal disease activity, patients may progress to
end-stage renal disease (ESRD), which can be fatal
unless dialysis or a kidney transplant is received.>**?!

Literature review

This pragmatic review (GlaxoSmithKline study LS3178)
focused on three fundamental areas, each of which com-
prised key research questions. First, the development of
LN among patients with SLE was investigated.
Questions within this category included “What propor-
tion of patients with SLE have LN at initial diagnosis?’,
‘What proportion of patients with SLE go on to develop
LN? and ‘What are the key predictors of LN develop-
ment in patients with SLE?". The second area investigat-
ed what happens within LN progression, with questions
including ‘“What is the proportion of patients with dif-
ferent LN classifications at initial biopsy?’, ‘What do we
know about early renal signs and symptoms in SLE?’,
‘How does LN transition between severity stages?” and
‘What is the time to progression within LN?’. Finally,
the progression to ESRD was explored. Associated
questions included ‘What proportion of patients with
SLE, and patients with LN, go on to develop ESRD?’,
‘What is the time to progression to ESRD from
SLE and LN? and ‘What are the key predictors of pro-
gression to ESRD in patients with SLE and LN?.
Twenty six articles were identified through a keyword-
based literature search. The search strategy and data-
extraction process used are described in Supplemental
Appendix 1.

Development of LN among patients
with SLE

Proportion of patients with SLE who had LN at
initial diagnosis

The proportion of patients with SLE who had LN at
the time of their SLE diagnosis ranged from 7% to
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31%7*2° (Figure 1(a)). Patient characteristics alone did  Proportion of patients with SLE who ever develop LN
not explain the wide variation in LN rates across stud-
ies. Importantly, the lower range (7-22%) was derived

from studies that relied on biopsy confirmation alone .
for LN,**%>¢ whereas the highgryrange (26-31%) was ?35622’23. (Figure 1(b)). Hgnly.et al. used the SL.ICC
reported in studies that permitted other renal parame- 1n.t ernational cghort, which “included 1827. pa tlenFs
ters in addition to biopsy confirmation 23,24 with SLE recruited from 1999 to 2012. Within this

cohort, LN was diagnosed in 700 (38%) patients,

Two studies reported that 31-38% of patients with
SLE developed LN during the course of their dis-

(a)
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Siso 2010 NN 15
Mok 1999 NN 22
Huong 1999 NN 26

Hanly 2016 | 31
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Plantinga 2016 ————— 35
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Momtaz 2017 10
Galindo-Izquierdo 2016 10
Yang 2015 1
Mercadal 2002 12
Al Arfaj 2009 12
Hanly 2016 12
Moroni 2013 13
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Tang 2015 14
Adler 2006 17
Yokoyama 2004 17
Plantinga 2016 19
Croca 2011 20
Howie 2003 22
Narvaez 2017 28
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Proportion of LN patients who developed ESRD (%)

Figure |. Proportion of patients (a) with SLE who were diagnosed with LN at SLE diagnosis, (b) with SLE who developed LN at any
time during follow-up and (c) with LN who developed ESRD.
ESRD: end-stage renal disease; LN: lupus nephritis; SLE: systemic lupus erythematosus.
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81% of whom were diagnosed at study enrolment, and
a further 19% developed LN during the follow-up
period (mean=4.6 years (standard deviation (SD)=
3.4 years)).”® Galindo-Izquierdo et al. reported that
of 1092 patients who developed histologically con-
firmed LN, 50% and 74% developed LN within 12
months and 5 years of SLE diagnosis, respectively,”?
highlighting that the risk of LN is highest in the initial
years following SLE diagnosis.

In seven single-centre studies, 31-48% of patients
with SLE developed LN (Figure 1(b)). In a study
where 180/436 (41%) patients with SLE had renal
involvement, 36% presented with renal involvement
after SLE was diagnosed, just 31% of whom developed
renal abnormalities more than 5 years after their SLE
diagnosis.”?* The longest time elapsing between SLE
diagnosis and renal involvement onset was 19 years.?*
However, occurrence of renal involvement so long after
SLE diagnosis was generally uncommon. Mok et al.
studied 406 patients with SLE from 1976 to 1997. Of
these, 183 patients developed biopsy-proven LN.** The
majority of patients (78%) did not have LN at the time
of their SLE diagnosis. However, the mean time
between the diagnosis of SLE and the development of
renal disease was just 52.6 months ((standard error
(SE)) = 5.0 months).> Siso et al. reported that of the
190 patients with biopsy-proven LN, 87 (46%) patients
developed LN after SLE diagnosis, but only 25 (13%)
of these patients were diagnosed with LN more than
5 years after SLE diagnosis.*®

Key predictors of LN development in patients
with SLE

Among patients with SLE who developed LN, there
were proportionally more males and younger-aged
patients compared with those who did not develop
LN. This was demonstrated in a study in which 9%
of patients with SLE but not LN at diagnosis were
males compared with 16% in the group of patients
who also had LN at the time of their diagnosis
(p <0.001).>* Further, the mean ages of the LN
patients compared with non-LN patients in this study
were 31.3 years (SD=11.9 years) and 36.9 years
(SD =13.6 years), respectively (p <0.001).>* Similarly,
a retrospective cohort analysis conducted by Galindo-
Izquierdo et al. identified a significantly higher risk of
developing LN among men than women (odds ratio
(OR)=2.57, 95% confidence interval (CI) 2.02-3.29,
p <0.001).>> Compared to patients >50 years of age,
the ORs for developing LN in patients aged <16 years
of age and 16-50 years of age were 6.06 (95% CI 4.29—
8.56, p <0.001) and 2.52 (95% CI 1.91-3.32, p < 0.001),
respectively.?

A number of studies also identified patients of
African or Asian race’>?’ or Hispanic ethnicity®>?
having an increased risk of developing LN compared
with Caucasian patients. One study showed that
Hispanic ethnicity was independently associated with
a higher risk of renal disease than Caucasian ethnicity
(OR =1.85,95% CI 1.37-2.51, p<0.001), after adjust-
ing for sex and age.”> Another study demonstrated a
significant difference between the proportion of black
patients who developed LN compared with white
patients (44% (33/74) vs. 22% (58/258), respectively).?’

LN

Early renal involvement in SLE

Data on signs of renal involvement prior to LN diag-
nosis were limited. In general, worsening renal param-
eters were indicated in most of the studies as the
primary reason for biopsy. These included unexplained
haematuria (particularly dysmorphic erythrocytes), cel-
lular casts and/or proteinuria >0.54 1.0 g/day.?®*®
However, the evolution of renal function in the
period prior to biopsy has not been extensively studied.

Proportion of patients with different LN
classifications at initial biopsy

Class IV nephritis (diffuse proliferative glomerulone-
phritis) was the most frequently reported LN classifi-
cation at initial biopsy*> > (Figure 2(a)) and at repeat
biopsy>*?>:28:32:3435 (Figure 2(b)). The classes reported
least frequently at initial biopsy were class I and class
VI (Figure 2(a)). In two studies, class IV LN was fur-
ther divided into class I'V-S (segmental: where >50% of
the involved glomeruli have segmental lesions) and
class IV-G (global (diffuse): where >50% of the
involved glomeruli have global (diffuse) lesions), and
both studies reported a higher proportion of patients
with class IV-G compared with class IV-S (20% vs.
13% and 28% vs. 10%, Hanly and Yokoyama, respec-
tively).?*® Histological distribution at initial biopsy
was similar whether renal involvement occurred
before or after SLE diagnosis**?® (Figure 3). At first
biopsy, the most commonly reported mixed classifica-
tions were class IV/V, with prevalence ranging from
1% to 15%,22339-323435 4nq class 111/V, with preva-
lence ranging from 1% to 11% 2%23:30:34.3

Transition between LN histological classes

A SLR conducted by Narvaez et al. identified 10 stud-
ies analysing 686 patients with LN who had undergone
a repeat biopsy because of a LN flare.”® Histological
transformation from one LN class to another occurred
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Figure 2. WHO/ISN/RPS histological class distribution (%*) across studies at (a) initial biopsy and (b) repeat biopsy. WHO classi-
fication (class | =normal kidney; class Il = mesangial glomerulonephritis; class |ll =focal segmental proliferative glomerulonephritis;
class IV = diffuse proliferative glomerulonephritis; class V= membranous glomerulonephritis; class VI = chronic sclerosing glomeru-
lonephritis); ISN/RPS classification (class | = minimal mesangial LN; class Il = mesangial proliferative LN; class Ill =focal LN; class
IV = diffuse LN; class YV = membranous LN; class VI = advanced sclerosis LN; ‘other’ ISN/RPS categories include: class lll (A) = active
lesions: focal proliferative LN; class Il (A/C) = active and chronic lesions: focal proliferative and sclerosing LN; class Ill (C) = chronic
inactive lesions with glomerular scars: focal sclerosing LN; class IV-S (A) = active lesions: diffuse segmental proliferative LN; class IV-G
(A) =active lesions: diffuse global proliferative LN; class IV-S (A/C) =active and chronic lesions: diffuse segmental proliferative and
sclerosing LN; class IV-G (A/C) =active and chronic lesions: diffuse global proliferative and sclerosing LN; class IV-S (C) = chronic
inactive lesions with scars: diffuse segmental sclerosing LN; class IV-G (C) = chronic inactive lesions with scars: diffuse global
sclerosing LN).”

*Percentages calculated based on the number of patients with available data.

ISN/RPS: International Society of Nephrology/Renal Pathology Society; LN: lupus nephritis; WHO: World Health Organization.

in 40-76% of cases, and the time interval between first
and second biopsies varied from 6 months to
4.2 years.”® Similar results have been reported else-
where. Histological transformation was observed in
approximately 51-56% of patients who underwent a
second biopsy.?*?%** These biopsies were conducted
due to immunological features suggestive of high dis-
ease activity or renal relapse or to assess the outcome

of induction therapy. A retrospective study found his-
tological transformation at repeat biopsy in as many as
94% of patients. However, this was a small study in
which only 18 patients had a second biopsy.*®
Histological transformations were more common
from non-proliferative lesions (class II and class V)
compared with proliferative lesions (class III and
class 1V) 25323840
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24%
23% .
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Class |

Class Il Class Il

M Renal involvement at/before SLE diagnosis (n=96)

[l Renal involvement after SLE diagnosis (n=62)

29%

21%

200/0

1% 1%
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Figure 3. Onset of renal involvement within each WHO classification (%).

WHO: World Health Organization.

Time to progression within LN

Data on time to progression within LN were scarce,
most likely because transformation between LN classes
is not sequential. Limited evidence from a retrospective
multi-centre study suggested that the median time to
histological transformation with LN is 32 months
(range 11-305 months).*®

Progression to ESRD

Proportion of patients with SLE who develop ESRD

Overall, the proportion of patients with SLE who
develop ESRD increases as time from diagnosis
increases. An analysis of the Georgia Lupus Registry
by Plantinga et al., which included 344 newly diag-
nosed patients with SLE, found that incidence rates/
1000 patient years for ESRD were 13.8 in black
patients and 3.3 in white patients.*' The corresponding
S-year cumulative incidences were 6.4% and 2.5%
among black and white patients, respectively.*!
Similar results were observed in an international
cohort of patients with SLE, whereby cumulative inci-
dences of ESRD at 5 and 10 years were 3.3% and
4.3%, respectively, amongst all included patients.*®

Proportion of patients with LN who develop ESRD

Within the primary studies analysed, 4-28% of patients
with LN developed ESRD?** 3133363941 (Eigyre 1(c)).
The cumulative incidence of developing ESRD at 5, 10
and 15 years ranged from 3% to 11%, 6% to 19% and
19% to 25%, respectively.”! Incidences reported within

SLRs were at the higher end of the ranges seen within
the primary studies, with 11-12%, 17-18% and 22—
26% reported for 5, 10 and 15 years, respectively.”'

Time to progression from SLE/LN to ESRD

Limited data are available relating to the time to pro-
gression from SLE to ESRD. In one study, the median
time to ESRD from SLE diagnosis was approximately
4.1 years among patients who progressed during the
course of the study. In this case, >75% of the popula-
tion were black. These patients were an estimated four
times more likely than white patients to progress to
ESRD after adjusting for age.*' The high proportion
of black patients in this study may reflect the higher
incidence of SLE in these individuals compared with
white patients.*” One study reported data regarding
time to progression from LN to ESRD. A cohort of
154 patients with LN was assessed in which 20% of the
patients went on to develop ESRD, with an average
time from onset of renal disease to ESRD of 7.5
years.>! In this study, there were no differences in the
ethnic distribution, with 36.7% of patients of Afro-
Caribbean origin, 26.7% Caucasian and 23.3% Asian
developing ESRD. A lower percentage of black
patients compared with the study by Plantinga may
have resulted in longer time to ESRD. This is further
supported by the finding that patients of Afro-
Caribbean origin had significantly higher ESRD rate
within 5 years of LN diagnosis (p=0.001).*" Overall,
the race and/or ethnicity of the study population
should be considered when interpreting and comparing
time to ESRD between studies.
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Key predictors of ESRD in patients with SLE/LN

The most commonly reported independent clinical
laboratory predictor for ESRD in patients with SLE
alone or LN was high serum creatinine (>1.5 mg/dL)
at disease onset (from sources reporting both LN at
presentation or at biopsy). Other factors indicating
an increased risk for ESRD included: hypocomplemen-
taemia; class III, IV and VI LN; higher chronicity
index; high systolic blood pressure; older age; male
sex; and black race. 2>26-30-34.35

Summary of disease progression, transformation
and severity

Figure 4 provides an overview of how the data identi-
fied as part of this pragmatic review can be placed
within an overall map of disease progression, transfor-
mation and severity within SLE, LN and ESRD.

Discussion

This work mapped the disease pathway, including
topics relevant to targeting disease management: renal
involvement and renal progression in patients with
SLE, different stages of renal involvement and the pro-
portion of patients who progress between classes,

as well as timing of progression and risk factors asso-
ciated with progression.

Across the publications included, the proportion of
patients with SLE who had LN at the time of their SLE
diagnosis varied from 7% to 31%, and 31-48% of
patients with SLE developed LN at some point in
their disease course.”> %3341 [t was noted that
there was a higher risk of worse outcomes during the
earlier stages of SLE, with most patients who went on
to develop LN doing so within the first 5 years follow-
ing their SLE diagnosis.*> *® Data on the predictors of
LN development among patients with SLE were limit-
ed. However, it was suggested that among patients who
did develop LN, there was a higher proportion of male
and younger-aged patients than in those who did not
develop LN. Additionally, an increased risk of LN
development was shown in patients of African or
Asian race, or Hispanic ethnicity, compared with
Caucasian patients.

Next, within-LN progression was explored. This
topic was selected based on the diverse clinical mani-
festations and histological patterns of renal injury asso-
ciated with LN, warranting further clarification of the
disease pathway. The majority of studies suggested
that patients with class IV had the worst prognosis,
and class IV was consistently the most frequent histo-
pathological class of LN, at both first and repeat

Class | 0-6%
Class Il 1-20%
Class Il 10-25%
Class IV 35-60%
Class V 5-30%
Class VI <5%

Repeat biopsy Key risk factors for
ESRD in SLE/LN:
_RO,
L + Class IV LN
3-12% * Male sex
9-27% * Non-white ethnicity
* Elevated serum
35-63% creatinine (>1.5 mg/dL)
9-22% * Low serum complement
11-13% * Hypertension

Limited information
on the

evolution of renal
parameters prior
to LN diagnosis

SLE diagnosis LN diagnosis LN prognosis Progression to ESRD

LN in 7-26% 31% ~40% 40-48% ESRD|| 11-12% 17-19% | | 22-26%
SLE | |AtSLEDx| | 1year 5years 15 years inLN | 7 5years 10 years| |15 years T
Criteria for LN diagnosis: Histological transformations occur commonly
renal biopsy and/or worsening renal from nonproliferative (Class |, Il, V) to proliferative
signs/findings (Class I, IV)
Risk factors for LN:
* Lower age at SLE diagnosis
* Male sex
« Being Hispanic, Asian, or African

Figure 4. Mapping of disease progression from SLE to LN and ESRD.

Dx: diagnosis; ESRD: end-stage renal disease; LN: lupus nephritis;

SLE: systemic lupus erythematosus.

Figure reproduced under the terms of the Creative Commons CC-BY-NC licence from Justyna Amelio, Kerry Gairy, Anadi Mahajan,
Gavneet Kaur, Damon Bass, Roger Abramino Levy, David Roth. Mapping disease severity and progression of renal involvement in
patients with systemic lupus erythematosus (Abstract 87). Lupus Sci Med 2019; 6: A63.**



1018

Lupus 29(9)

biopsies.”> *® However, it should be noted that there is
the chance of selection bias in these studies due to the
type of patients who undergo biopsy. A renal biopsy is
recommended for diagnosis of LN. However, a second
biopsy is still considered controversial due to its inva-
sive nature, in spite of studies highlighting the benefits
of a second biopsy in better understanding a patient’s
response to treatment.*** The second biopsy, when
performed, is almost invariably due to lack of treat-
ment response. Hence, patients who underwent biop-
sies were more likely to have a worse clinical picture
and/or be more refractory to treatment than those who
were not biopsied. Indeed, biopsies were not always
conducted in all patients with LN, and repeat biopsies
were uncommon. In patients who did undergo repeat
biopsies, histopathological transformation between LN
classes was common (40-76% of patients with LN), but
this varied according to the class of LN and was more
common from non-proliferative than from proliferative
classes.>*?%2%-34 This study found that data on time to
LN transformation were scarce, possibly because the
transition between LN stages is not sequential.
Finally, data on progression from SLE or LN to
ESRD were analysed. The cumulative incidence of
ESRD in patients with SLE at 5 and 10 years was
low (3% and 4%, respectively). Obviously, this was
higher in patients with LN, ranging from 3% to 11%
and 6% to 19%, respectively, increasing further to 19—
25% at 15 years.”! In comparison, <6% of patients
with type 1 diabetes and nephropathy are reported to
develop ESRD.* Importantly, the risk of developing
ESRD in patients with SLE after 10 and 15 years
decreased notably between 1970 and 2010 in developed
countries, potentially due to increased use of
angiotensin-converting enzyme inhibitors, immunosup-
pressive therapy use, better serological monitoring,>
improved treatment access, earlier diagnosis and
improved treatment management.>'>> Again, data on
time to progression from SLE/LN to ESRD were
sparse. However, the study did find several important
risk factors for progression from SLE/LN to ESRD,
including male sex and non-Caucasian race/ethnicity.
Elevated baseline serum creatinine was an important
predictor of worsening progression, in terms of both
transition between LN classes (based on data for per-
forming repeat biopsies) and ESRD.*>2¢30:3435 Tphe
results pertaining to higher risk of disease progression
from SLE to LN and from SLE/LN to ESRD within
patients of black and Asian race and Hispanic ethnicity
are similar to reports in the wider literature,*”*® includ-
ing studies that consider the socio-economic factors
involved in the increased risk of disease progression.*
Furthermore, it has been suggested that independent
scoring of fibrinoid necrosis, fibrous crescents and
interstitial fibrosis/tubular atrophy should also be

included when assessing risk of progressive renal dys-
function in patients with LN.%°

There are a number of design limitations that should
be considered when interpreting the findings from this
review. First, some relevant publications may have
been missed, as the search strategy involved keyword-
based and non-systematic bibliographic searches.
Second, although predefined research questions and
selection criteria were used to select 26 publications
for inclusion, ultimately the selection was subjective
and open to bias. Third, the data presented do not
reflect the patient perspective. As renal symptoms can
be silent but have severe long-term consequences, the
patient experience will be an important consideration
in any future research in this area. Finally, most studies
included in this review were conducted in specialist
referral centres, and therefore reported rates of nephri-
tis may be higher than in the community. It is also
important to note that out of the 26 studies, only 10
had 100% of patients with LN-proven by biopsy (11
studies if this criterion is extended to those in which
>80% of patients had LN-proven biopsy). The remain-
ing 16 studies either reported varying lower propor-
tions of patients with biopsy-confirmed LN or it was
unclear whether biopsy was used to confirm the LN
diagnosis.

Despite these limitations, this review provides valu-
able information regarding disease progression in SLE,
which may be useful when considering prognosis and
relevant treatment options. The study also identified a
number of gaps within the literature, including a lack
of information pertaining to ecarly signs of nephritis
and robust data on class transformations (as repeat
biopsies are not commonly conducted in earlier
stages). Moreover, characterization of time to progres-
sion within LN stages was difficult, as most patients
with LN had class IV LN at diagnosis. Data on
the time to progression from SLE and LN to ESRD
were also lacking. These clinically relevant data gaps
should be taken into consideration when planning
future epidemiological research including patients
with SLE, and will be valuable when posing specific
questions to be addressed in more directed systematic
literature reviews.

Conclusions

This pragmatic review highlighted that although
30-60% of patients with SLE do not develop LN, of
those who do, up to 90% do so within 5 years of SLE
diagnosis, indicating that the risk of LN is higher in the
initial years following SLE diagnosis. Risk factors for
developing LN include lower age and SLE diagnosis,
male sex and being of Hispanic, Asian or black race.
Furthermore, histological transformation within LN is
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common. However, further studies are required to
understand the time to and risk factors for this
better. Up to 1/20 patients with SLE and up to one
quarter of patients with LN go on to develop ESRD,
highlighting the substantial risk for disease progression
and worsening within a short time frame in SLE.
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